Although the precise three-dimensional structure of a protein is an essential determinant of its function, it is sometimes desirable that parts of its structure not be too rigid. For example, when induced fit occurs in an antibody-antigen, receptorligand, or enzyme-substrate interaction, the protein and/or its partner must undergo a conformational change; structural flexibility can help minimize the energetic cost ofthe conformational transition. A paper by Qian et al. (1) illustrates a case in which a region of the Drosophila Antennapedia (Antp) protein thought to be important for its function may be highly flexible, and indeed unstructured, in the absence of its partner.
The structure of a 60-amino acid Antp homeodomain-DNA complex has been determined by NMR (2) . The homeodomain consists of three a-helices; the third helix binds in the DNA major groove and is considered to be the recognition helix. Additional contacts are made in the minor groove by a flexible N-terminal arm, which is disordered in the absence of DNA. In the intact protein, the Antp homeodomain is located near the C terminus and is connected via its arm to a region containing a Tyr-ProTrp-Met (YPWM) tetrapeptide that is conserved among several homeotic proteins. The YPWM region does not appear to directly contact the DNA but may help determine the specificity of homeotic function in vivo, perhaps through protein-protein interactions. Qian et al. (1) have reexamined the structure of the homeodomain, now with a 14-amino acid N-terminal extension including the YPWM motif, and find that the DNAbinding arm and the N-terminal extension are both disordered in the absence of DNA. Although it cannot be ruled out that other parts of the Antp protein may help to stabilize the structure of this region, the suggestion is that the N-terminal arm of the homeodomain and the adjacent YPWM region are part of a flexible linker that specifies interactions -with DNA and other proteins.
The cocrystal structures of the Drosophila engrailed (3) and the yeast a2 (4) homeodomain-DNA complexes show strikingly similar arrangements to the Antp complex, suggesting that the homeodomain structure and its flexible N-terminal DNA-binding arm are highly conserved features of this class of proteins (4). However, even in the crystals, the first few residues of the arm are disordered. Such unstructured flexible arms have been seen in other helix-turnhelix DNA-binding proteins and can contribute significantly to DNA recognition. In the case of A repressor, an N-terminal arm wraps around the DNA to make sequence-specific contacts in the major groove, and even subtle mutations in the arm can dramatically reduce DNA binding (5).
The yeast a2 homeodomain protein provides a clear example of how an unstructured flexible region can enhance DNA-binding specificity through proteinprotein interactions. The a2 protein is organized into two domains, a C-terminal homeodomain and an N-terminal dimerization domain that are connected by a protease sensitive, and presumably flexible, linker of 30-40 amino acids (6) . The flexibility of the connection is needed to allow a2 dimers to recognize DNA operator half-sites that are separated by various numbers of base pairs. To achieve recognition of a specific operator, a second protein, MCM1, binds between the two a2 subunits, thus setting the proper spacing and orientation ofthe subunits (7) . Recent experiments demonstrate that the flexible linker ofa2 interacts directly with MCM1 and allows two a2 monomers to bind cooperatively (8) (10) and with an acidic activation domain from the herpes simplex virus VP16 protein (11) indicate that these domains are unstructured. Other examples ofunstructured domains are likely to be found, and as the current studies already seem to indicate, the roles of these flexible regions may be as flexible as the structures themselves.
